Previous investigations 1 have led the writer to the view that salts which have opposite effects on permeability are able to antagonize each other. It seemed of interest to discover whether this is also true of antagonism between salts and alkaloids. Such antagonism has been reported by several authors, the most extensive investigation being that of Robertson3
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In order to compare the antagonism between alkaloids and salts with that between salts and salts, experiments were carried out under precisely the same conditions in both cases. These experiments were made by determining the electrical conductivity of Laminaria in a manner previously described. 3
Taking a typical case of salt antagonism, that of 1VaC1 and CaCI~, we find that NaC1 produces an increase of permeability while CaCI~ produces a decrease (followed by an increase).* We may therefore expect that if alkaloids antagonize NaC1 they will produce a decrease in permeability.
The alkaloids studied were nicotine, caffeine, and cevadine. They were added in varying amounts to NaCI 0.52 ~,~ and their effect upon the electrical conductivity of Laminaria was determined3 10sterhout, W. J. V., Science, 1915, xli, 255. 2 For the literature see Robertson, T. B., J. Biol. Chem., 1906 , i, 507. Ergebn. Physiol., 1910 , x, 238, 311. Also Szfics, J., Jahrb. wiss. Bot., 1912 , lii, 85. Osterhout, W. J. V., J. Biol. Chem., 1918 , xxxvi, 485. 40sterhout, W. J. V., Science, 1912 5 All the solutions had the same conductivity as sea water. 8 For the precautions used in preparing the material see Osterhout, W. J. V., Proc. Am. Phil. Soc., 1916, Iv, 533. 515 The Journal of General Physiology
The results obtained with nicotine are shown in Fig. 1 . The lower curve shows that after 18½ hours the resistance of the tissue has dropped to 10 per cent (the death point) in 0.52 ~ NaC1, as well as in 0.52 M NaC1 to which sufficient nicotine has been added to make the concentration 0.01 ~. I n NaC1 0.52 M plus nicotine 0.002 ~ the resistance has dropped to 49.5 per cent (i.e., the tissue is about half dead). I t is evident t h a t nicotine antagonizes the action of NaC1 by inhibiting the fall of resistance which occurs in pure NaC1. The upper curve (2 hours) shows even more pronounced antagonism.
The results with caffeine ( Fig. 2) are similar except that the curve does not fall as rapidly with increasing concentrations of alkaloid. With cevadine (Fig. 3 ) the curve falls much more rapidly, the maximum being in the neighborhood of 0.005 • cevadine sulfate. Here death is more rapid, the tissue being killed in 18 hours or less, even in the most favorable solution.
The experiments with cevadine were carried out during the day at 15 ~-2 °, and the time curves in the various solutions follow more or less closely a monomolgcular course. In the case of nicotine and caffeine (where the experiment ran during the day and the following night) this is not the case, except in the earlier part of the reaction. This is perhaps explained by the fall of temperature which occurred during the night and retarded the speed of the process. It should 8o'% 5o .o63
.61/'X Fla. 3. Curves showing antagonism between NaC1 and cevadine sulfate. Ordinates represent net electrical resistance of Laminaria (expressed as per cent of the normal); abscissa~ represent concentrations of cevadine sulfate added to 0.52 M NaCl. The resistance of the control at 150 minutes was 100 per cent. Average of two experiments; probable error less than 5 per cent of the mean.
be noted that all the experiments in any set were begun at the same time, so that all shared equally in the variations of temperature; in consequence the form of the antagonism curve is not greatly affected by such variations.
In order to determine whether these alkaloids produce a decrease in permeability they were added to sea water. The experiment was not successful in the case of nicotine, owing to the formation of a visible precipitate, which was apparently due to the presence of calcium and magnesium in the sea water. In the case of caffeine (0.01 to 0.04 M) and of cevadine sulfate 7 (0.0006 to 0.0025 ~) a distinct decrease in permeability was found (as shown by the rise in resistance) ; this was followed by an increase. In this respect they resemble CaC1, which also produces a decrease in permeability when added to sea water. The same is true of typical anesthetics, such as ether and chloroform. 8
The idea that substances which have opposite effects on permeability can antagonize each other seems to apply to alkaloids as well as to salts.
SU3KMARY.
Certain alkaloids which decrease permeability are able to antagonize NaC1. In this respect they resemble salts which decrease permeability, for it has been shown that such salts antagonize NaC1. This is regarded as two molecules of cevadine united to one molecule of H~SO4. It was purchased from Merck under the name of veratrine sulfate (C32H49NOg)2.. H2SO4.
